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Abstract
Soils perform a number of essential functions affecting management goals. Soil functions were assessed by measuringphssiLaI Jwrmc ii and hioloCiL ti piop tnt m r aun II IssiusmenT af o is cnttonl CoN md iltnm ttac \l Tm tna,emtnt pr tttiee it iht sites s nhm the (ire tt Phim lb ILults rLpoOed in aLcomp in me pipers pros ide CX,r IlLUtdata for assessing how management practices collectively affect agronomic and environmental soil functions that benefitboth farmers and society. Our objective was to use the regional data as an input for two new assessment tools to evaluate
thii potenti ii and stnsitiSit for detecting diffeitnets a.alr id ition ot dcgr id moe) in m inae,emrnt ystLms fhc soilmanagement assessment framework (SMAF) and the agrmecosystem performance assessment tool (AEPAT) were used toscore individual soil properties at each location relative to expected conditions based on inherent soil-forming factors and tocompute index values that ptovide an overall assessment of the agronorme and environmental impact of the CON and ALT
practices. SMAF index values were positively correlated with grain yield an agronomic function) and total organic matter(an agronomic and environmental, function), They were negatively correlated with soil nitrate concentration at harvest

ii dw i ti an it 1 Ot I Cf “ 1 i t9 1 i I n acompare mann ement practices, Ust rs can measure a sma.1,l number of S oil. properties and use one of alesa tools to ‘easilyassess the efihctiveness of soil management practices ,.A higher score in either tool identities more environmentally and
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biomass were sensitive to manag.e.ment a.nd should be included in studies aimed at improving soil management. .Reductjons
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Introduction
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SMAF is an additive, nomhnear indexine tool for
i,st ssing c turn. tion “)rII I indiL it ) \ du’ for

cm and 75—..1 i era depths were averaged and
converted to mdcx values usinu scoring curves that relate
soi.I indicators to essential timctions perform.ed by soils.
Scoring curves take the general forms 01 less 1\ better (u

-,

hulk.. density), more is better (cg.. organic C), or a local
outilaum (eat,, pH), Vhe tool changec th sconfle curses’
inflection points and thresholds to account for differences in
expected ranges due to tnhercnt soil properties, climate, and
crops. Scoring curves available in the most recent version
of SMAF and measured at all s1te in this study tncluded
physa.al (tutu..rccaggiegate rc.er.tage arid bulk density),,

hemir’ ii ‘tnt ml r, itt ( J rnl c ondas ts ,e, IA
and plll}, and biological. [microbial hiomass C, miciobial
quotient (relationship between microbial hiornass C and
nnnerahzable C), and potentially mmeralizable Ni soil
properties. These soil properties are indicators of soil
functions e,g., nutrient reservoir and substrate for plant
growth) related to agronornic production. Indicator scores
were summed to generate an mdcx value, Increasing index
values denote increasing levels of soil function, We
hypothesized that ereater index values were associated
with increased agronoimc yield.

The CON and alternative (ALT) management systems at
each location were compared using the calculated SlIAF
index values for each replication of both treatments at each
sampling date., Analysis of variance was used to detect
treatment, sampling time, and treatment a sampling time
eftbcts on inde’ values. Effects were considered signiticant
at Pc’O, 10, Correlation between SMAF index values and
agronomic grain yield) and environmental goals (nitrate
concentration and organic matter content) were also
calculated to determine the utility of using this index to
assess management goals.

AEPAT isa perforrnancethased assessment tool that
t’’lu’ user-selected scoring irves and we.igtits to
generate index values0 Measured indicators are assig.ned
to egroeeovsteni functions, Weights are given tu mdi
vidual in.dicators based on the riser’s perception of th.e
influence t.hat indicator has on the assigned acro-ecosvstem
function, Weighted indicator scores are combi.ned to
,cenerate an agro-eeosyste..m function ore are
also given to the agro-ecosystuso functi..ons based so the
user’s ness enuon intlue.nce e fun tions i.tave no
agro-ee.ouystem sns.tainability. Weighted agro-ecosystem
nlnet.1.ou sen see are eombi ne.d t.o .enerate’ a score los

rupu as,, i1dt1 pp ‘Ti it to’ cores o .OI th e C ()\ to
5,1’]” mane geme.nt as each floe) psodueti.on and nutrient.
eye g fnt.ictiou,s acre nse.d to generate. an A.iP1\‘] .seose:

AfiPAT score rr itoud production a Wp)

(nutrient cvehng a II’...

For thir AE.PAT as.ses.snieng the food production function
I 0 ,. C I t t ‘ “,‘ I c

CYcsing t.s..inctmonaweigut (W,.,,’) of 250, to retlect. the

lflhtaortance of productivity and uncertainty of nutrientcycling to most lanil managers. Soil pH and springnitrate-N concentration were the iralicatot’s
.‘‘ stoned tothe food ttoduction I unction, Soil pH was assigned awught of 40th tad Coring at r ire \ a ss ght I h0

Spring nitrate-N was assigned a slightly higher weight since.N is’ the fertilizer nutrient most commonly Hrniting cropproduction in the Great Plains, Soil p11 was included inthe scoring, fu.rction because, p.11 serve as a se.nsitjveiridtcutor for nefEicerit N fertilizer use and pH valuesoutside the optimum range strongly i:nfluencry
availahilty ot seucra.] e.sse nrief nunrienis. A thresholdvalue sigrnoidal sco.ring curve was selected for the soilel-i indicator with an optimal value of (u.S in “heat(Trijicuin sussnvuin L-based s.ystems and 6,3 in cOrn7ea nias s I h aced cx stems \ hieh’r is butt r lo. sti,,scoring curve was selected for the spring nitrate-N scoringcurve with. (tt optimal value of 2.00 k.e ha° and a lowerhound of 1 kg ha°,

Fall nitrate-N and organic C were selected as indicators
for the nutrIent cycing function to reliect the environ
mental importance of nitrate-N leaching losses and
the agronomnic importance ot organic matter in nutrient
cycling and soil structure in these sy.stems, Fall nitrate-N
and organic C were weighted equally at 50% for assess
rnents at Fargo, Brookings. and Mead, Equal weights were
assigned due to the need to maintain organic C and tominimize fall nitrate-N concentration to reduce the
potential for leaching losse.s at these sites. Fall nitrate-N
was assigned a weight of 25% at the other locations because
of the reduced potential for leaching at these semi-arid
sites. Organic C was assigned a weight of 75% to reflect the
importance of organic matter in nutrient cycling and soil
structure in these systems. ,\ lower is better exponential
scoring curve with an optimal value of 1 kg ha° and an
uPper bound of 200 hi’ ha° was selected for the soil fail
litre . indicator A mugher is netter logistic cut ye with

an optimal value of 1(0 Mg ha° and a lower hound of
2.0 .Mg iIa_i was sehor.ted. for the erganic C scoring cu.rve,

Counoari.sons of food production fataction. hutriP.nt
cs cling fnncton, en’:) ,\E.P,AT scores t2r contrasting
mana.g,ement practices at each l.ocatioas weigh per.lorrned

0 r in,I c or ‘ a ,,1 01
Ana.Iysis of variance was’ used to dete.rrn.ine:.diflhrences
innom tndex values between treatments cod among veers
for ea.ch location, Differenc.es were cons.idered sign ificant

Results and Discussion
SMAF index va/ties

Differen.ces between treatments for SM,5,fi’ ndes. values
were observed at Fargo. Nlandan, Meacl, and Sw1t Current
(‘f’ahle 2). .At these four locations, SMAF ndex values,

I) Los the At T trsreuiteut recta. treWC.ii’ (ep t..uose ic’
the CON treatment, At FNruo Mandan, Me.ad

. arid Sidney,
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Table 3. Garre.hlioo hetseeeo I rt.saos.ms000 t asseserneot fransessork (551s\2 == 55,4’s sod iosttr stars
environmental soil functions.
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Figure 4. Correlation of soil mana ement assessment framework (SMAll index values and soil nitrate content at harvest for five sites inthe Great Plains. See Sable 3 for correlation coefficients.
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Figure 7. Agroccosvstem performance assessment tool tAEPAT)

scores as a function of year for two locations in the Great Plams,

Error bars represent I SEM,

here, that were not included in the original objectives
5

These research sites, with their weiEdocumented rnanage

ment, sampling, and analytical procedures, are a resource

for local producers and a network for the study of regional

(eg.. cropping systems), national (eg., soil erosion), and

global problems few, greenhouse gas emissions). Methods

for interpreting large data sets are needed. Statistical

methods are useful for determining differences and trends

in the data, but assessment tools that interpret how these

differences and trends relate to essential system timctious

are needed to complement statistical approaches. Two

assessment tools were implemented in this study.
Assessment toolsBoth of the asiossment tools used in this study are readily

asail.able. but, are •a.iso undergoi..ng con.tinuirtu develore

rem
re \f

itt e vii
a

i vi u
r

and thei.r adviso.rs for use in assa. ssi.tig ongoing tnanageme.ni

viactices The scoring curves itt .SMAF .repu.ire only

idicator data along with crop and soils information. The

vip and soils informati.on is use.d by the. program to tlyu..st

scoring curves tTm the. e ffdc.t of inherent soil oroperties.

•nate. artd crop response. Users oi the SMAF do not need

move knowlede. of the relationship between SO]l

eaton and management goals to utilize the lramewurk.

‘ii” curves fur I I indicators are available in the. current

on ot’ the SMAF’ and these seoul an curses u e indicet& a

or the. 0’ 1 S cm deptht. Therefore. the use o SMAF

ivi tb it samp.l.es are ct3lyeted from the (I—” I 5 depth

Iv Ac currently tneiude.d indicatot s can be ti hied.

Ft to

‘ iiUilF1
000 0)01 ‘POcYear

Figure l Agroweosystem performance assessment toot (AEPAT)

scores as a function of management treatment and year for two

locations to the Great Plains. Error bars represent I SEM.
The AEPAT is designed for agricultural researchers

working with longterm agroecosystem experiments m, The

AEPAT allows the user to select whatever indicators are.

thought to he important for evaluating a particular function.

1 he ore liust no reJect the rs of a
. a oumnid

curve for pH) and threshold values (e.g., pH optimum of

6.5 for wheat and 6.3 for corn) for each indicator. The user

also provides weights for indicators awl functions to reflect

their relative. importance. to. the management goal Th.e. input

derrtands of AEPAT require that the user hIve, a thorough.

undem.stanrhng or how indicators relate to manage.me.flt

oals The AEPAT shows for more flexi.bihity in terrek of

indicators (eu. m’ i.ndicat.or that affe.cts the. management

goal and has a known relationship to that ma.nagement

it

iirt, reuneme 0
r lea i no It

P

the C0l 5 cm depth incrementi
Sin.ce the input requirements and inrende.d uses of the

SMAF and .AEPAT are di.ff meet, it is unreali.stic to expect’a

high decree of coneiatle,n between the two indiceA, add

tnappropniate to bake direct comparisons between them.

However, since both rirogmarns are intended as tools for

assessing the impact of management practices on essential

agronornic and enviroruneutal functions, there should be a

general agreement. The i east in for using H nh assessment

P. Ic i this l id i
c in i on it

f awe a

recently rleveloped tools: and methods,
.

Soil indcators
Pikul e.l al” pointed out that spatial variation ealtibtied

by point meas’urctnenta of physieci ljnrotemtt
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